Background: A high proportion of individuals receiving highly active antiretroviral treatment (HAART) complain of sexual dysfunction (SD), encompassing a lack of desire or erectile dysfunction. Objective: To determine whether SD was associated with particular components of the HAART regimens and to identify risk factors for the development of SD in patients on HAART. Methods: A survey among patients with HIV infection using an anonymous questionnaire was conducted in 10 European countries between December 1998 and December 1999. A total of 904 individuals currently receiving antiretroviral agents were included in the analyses. Results: A decrease in sexual interest was significantly more frequently reported by subjects (men and women) using HAART containing protease inhibitors (PI) (308/766, 40%), compared with PI-naive patients (22/138, 16%; OR 3.55; 95% CI 2.15-5.89). In addition, a significantly larger number of PI-experienced men reported a decrease in sexual potency (216/628, 34%) compared with PI-naive men (12/99, 12%; OR 2.56; 95% CI 1.33-5.03). In multivariate analyses the following factors were associated with a decrease in sexual interest: a current PI-containing regimen, a history of a PI regimen, symptomatic HIV infection, age and homosexual contact as HIV transmission mode. Factors associated with a decrease in sexual potency were: current use of a PI-containing regimen, symptomatic HIV disease, age and the use of tranquillisers.
Introduction
An increasing number of individuals with HIV infection treated with highly active antiretroviral treatment (HAART) have complained about sexual dysfunction (SD) [1] [2] [3] [4] [5] [6] . So far, however, in clinical trials SD has not been reported as a potential side-effect associated with HAART, but this is likely to be due to reporting bias, because patients are not routinely or systematically questioned about SD and may be unwilling to admit to such difficulties unless directly challenged. Many reasons why individuals with HIV may suffer from SD can be suggested, but to date only a few studies have addressed the question of whether SD may be caused by HAART. We investigated the prevalence of SD in an HIV-infected population taking antiretroviral treatment, to identify risk factors for developing SD.
Methods
A survey was conducted between December 1998 and December 1999 among HIV-infected individuals, using an anonymous questionnaire. Questionnaires were distributed in eight HIV treatment centres and four non-governmental organizations in 10 European countries (see Acknowledgements). SD was evaluated by asking if there was a decrease in sexual interest and sexual potency since commencing antiretroviral treatment. Lipodystrophy syndrome was defined as having at least one of following symptoms: increased abdominal girth, increased breast volume, decreased facial fat or decreased fat over the buttock area. Participants were considered to have peripheral neuropathy when they reported tingling of the extremities. Current and previous use of antiretroviral treatments was expressed as months of exposure to each individual drug. Current therapy was defined as the therapy that was being taken at the time of filling in the questionnaire, and a history of antiretroviral therapy was defined as drugs taken in the past but not included in the current regimen.
Statistics
Parameters considered as potential predictors for SD were sociodemographic characteristics (age, sex, HIV transmission category), immunological and virological characteristics (CD4 lymphocyte count, time since HIV diagnosis, viral load and clinical stage of HIV disease), previous and current antiretroviral therapy, and non-antiretroviral therapies such as anti-depressants, tranquillisers, antiepileptic, antihypertensive and lipid-lowering drugs.
Univariate analyses were performed to explore potential covariates. The response variables were either having a decrease in sexual interest or having a decrease in sexual potency. As a measure of correlation, univariate logistic regression was used for a continuous independent variable whereas the Pearson chi-square statistical test was used for a binary independent variable (if the expected cell count was less than five, Fisher's exact test was used). Logistic regression was performed to establish a multivariate model (backward selection with entry level 0.05, and removal level 0.05). P values lower than 0.05 were considered statistically significant. The possible association between SD and other side-effects such as lipodystrophy and polyneuritis was investigated in univariate analyses, but not in multivariate analyses because this would create problems of multicollinearity [7] . A first multivariate model investigated the correlation between the occurrence of SD and exposure to combination antiretroviral therapy. A second model focused on the relationship between the individual protease inhibitors (PI) and SD. Both models were run twice: once with the antiretroviral therapy coded as a binary variable (treatment yes or no) and once as a continuous variable (number of months on therapy).
All analyses were performed using Statistical Product and Service Solutions (SPSS) version 9.0.
Results
A total of 1026 individuals with HIV infection treated with antiretroviral agents completed the questionnaire. Information from non-respondents was not available. After validating the answers, 904 (88%) questionnaires were included for analyses. The sociodemographic, immunological and virological characteristics of the 122 individuals who were excluded did not differ from the included population. The characteristics of the study participants are shown in Table 1. <cite Table 1 here, 1 col> In the first multivariate model ( In the second multivariate model (not shown in a table) after correction for therapy history, being on an indinavir (OR 2.56, 95% CI 1.51-4.36) or ritonavir (OR 2.02, 95% CI 1.35-3.01)-containing therapy was found to be associated with a decrease in sexual interest. Indinavir and ritonavircontaining therapies were also found to be associated with a decrease in sexual potency (OR 2.16, 95% CI 1.38-3.40 and OR 2, 95% CI 1.09-3.68, respectively). With therapies re-coded into continuous variables, the same associated factors were identified and no new factors emerged.
Discussion
The aetiology of SD is often multifactorial, and may be caused by endocrinological, psychogenic, neurogenic, arteriogenic or iatrogenic abnormalities [8] . Numerous medications are also known to cause SD [9] . This study suggests that a decrease in sexual interest and erectile dysfunction are also found in individuals who are on HAART, especially if their regimens contain PI. Among the different PI, indinavir and ritonavir were found to be associated with this impairment of sexual function. Nelfinavir was not found to be associated with SD, but in our study population, the length of time on nelfinavir therapy was significantly shorter than the time on indinavir and ritonavir therapy.
In a recent study performed in the United States, 33% of 217 men who were started on PI treatment presented with SD after a median follow-up of 1.6 years [4] . After adjusting for age and depression, men were 3.4 times as likely to experience impotence after the PI was dispensed than in the period before dispensing.
The finding that most patients who develop SD during PI treatment report a regression or disappearance of this SD after switching to a non-PI treatment regimen also confirms the potential aetiological role of PI for the development of SD [10] .
There are several reasons why few reports exist about SD in the setting of HIV disease or as a complication of HAART regimens. First, patients are often reluctant to talk about sexually related issues with health professionals [11] . In particular, individuals with HIV may be reluctant to ask their doctor how to improve their sex life when they are repeatedly exposed to messages that promote safe sex and reducing the numbers of sexual partners. Physicians, on the other hand, often fail to take sexual histories from their patients and therefore miss dysfunction until it is serious. Finally, quality-of-life questionnaires distributed during clinical trials do not usually contain questions about sexual well being.
The reasons why patients treated with PI develop SD remain unclear. Before the widespread availability of HAART, mainly patients with an advanced stage of HIV infection complained about SD [12] [13] [14] . Androgen deficiency was considered to be the main cause of SD in advanced HIV infection [15] . Patients on HAART, on the other hand, report SD despite the fact that their general physical and psychological well being has improved [6] . Neither the use of PI nor lipodystrophy has been associated with significant differences in testosterone, sex hormone binding globulin, prolactin and cortisol levels [16, 17] . Erectile dysfunction has been reported with increased frequency by men with hyperlipidaemia, but also during treatment with certain hypolipidaemic drugs (fibrate derivates and statins) [18] . In our study, individuals on a PI-containing therapy who reported having signs of lipodystrophy were more likely to report SD than those who did not have lipodystrophy. It is possible that the SD reported by certain patients with lipodystrophy was related to the fact that they found themselves less sexually attractive, but it is also possible that there is a pathophysiological link between SD and the lipodystrophy syndrome.
Conclusion
In this study, no information was recorded on the psychological well being of the participants. We are therefore unable to determine whether depression might have been a confounding factor. Moreover, the presence of SD could only be compared between individuals taking a PI-containing antiretroviral therapy regimen and those taking a non-PI-containing regimen.
Further research is needed to improve the description of the development of SD in individuals on HAART, to identify pathophysiological mechanisms and to study the management/treatment of this disorder.
